Abstract. Lower limb fractures occurring in patients with established spinal paralysis were considered different enough to warrant variations in treatment usually provided to patients without paralysis. Treatment should ensure that the functional level will be unchanged after healing occurs. Splints made of soft materials were effective, inexpen sive, safe, and allowed for good healing with early rehabilitation.
5.
Traction was rarely indicated. 6. Plaster casts and splints or any hard materials used for immobilisation were potentially dangerous and should be avoided.
7.
Open reduction was rarely necessary. Occasionally uncontrollable spas ticity could cause protrusion of bone fragments through the skin necessitating open reduction or simple removal of bony prominences.
8. Shortening and angulation of healed fractures were acceptable in sitters, but rotational deformity in a sitter was unacceptable.
9. Patients who walked should be treated by conventional methods which give an anatomical result permitting the patient to resume walking at the same functional level.
10. Bone in patients with spinal paralysis was atrophic often making internal fixation unsatisfactory.
I I. Pillow splints were recommended in most fractures occurring in the lower extremities.
The purpose of this communication was to study further the problems of fractures which occurred after spinal cord injury (not at the time of spinal cord injury) in order to review the principles of care, and to make recommendations for optimum treatment in the future.
Materials and Methods
All of the patients included in this study had a spinal cord injury. They were under observation at Highland View Hospital since 1963 when a spinal injury service was formed. During this time 546 patients were treated. None of the patients was included in the original study published in 1965.
Since 1963 18 patients with spinal paralysis with a total of 27 fractures of the lower extremities received treatment, based on our previous experience. There were 546 patients in our programme which represented an incidence of 3 per cent. This experience was added on to our study of 1965 (Freehafer & Mast, 1965) which included 23 patients with 46 fractures reviewed back to 1947. This is a total experience of 41 patients and 73 fractures during the past 32 years.
The causes of spinal paralysis in this series were nine automobile accidents, three falls, one diving accident, one gunshot wound, one surgical removal of benign spinal cord tumour, one correction of a congenital scoliosis, one instability of occiput, C1 and C2 in rheumatoid arthritis, and one transverse myelitis.
The fractures in this series were caused by relatively minor injuries. Eleven occurred at the time patients were transferring and three fractures occurred when patients were turned in bed. There was no recollection of any injury on six occasions. Three fractures occurred in the vicinity of a pressure sore. One patient sustained three fractures which probably occurred because his activities were too strenuous for someone with complete absence of sensation and muscle control. One patient was wheeling through the woods when his foot struck a tree, twisting his leg and causing a tibial fracture.
The fractures were distributed diffusely throughout the lower limb. In the femur there were four through the neck, three through the trochanter, five in the proximal femur, four in the shaft, and five in the supracondylar region (Fig. I) . In the tibia there were two fractures proximally, one in the shaft, and three distally. While 13 patients had only one fracture, one had five fractures, one had three fractures, and three had two fractures.
Treatment and Results
Soft bulky splints were used most frequently in treating the fractures of the long bones of the lower limbs. They were inexpensive, effective, safe, and led to satisfactory results. They allowed the patients to be functional and out of bed.
While pillows were used frequently and described in detail in our report of 1965, many modifications and varieties of soft splints were used since then. A pillow or pillows were sometimes secured to the lower limb around the fracture. These have been described in detail (Freehafer & Mast, 1965; McMaster & Stauffer, 1975) . Sometimes (especially for proximal femoral fractures) the lower extremities were fixed to a pillow placed between the thighs. A blanket was often wrapped around the fracture site and fixed with adhesive tape or elastic bandage, or stockinette (Fig. 2) . Occasionally Webril was wrapped around the fractured limb and covered with elastic bandages to form a bulky soft splint, limiting motion at the fracture site. While plaster was usually avoided, in a few cases plaster casts were applied but over abundant Webril or cotton batting and with no attempt to apply moulding or pressure. Plaster splints or splints made of hard materials were not used following our published study in 1965. The main advantage of soft splints, no matter what soft material was used, was that the patient could be out of bed and up in a chair soon after the fracture occurred.
There were some patients, however, who became ill after the fracture occurred so that bed rest was often necessary for two to five days. Temperature elevation, chills, malaise, nausea and swelling of the fractured extremity were the most com mon presenting symptoms. Because of the absence of sensation pain was rarely a complaint.
Shortening or angulation occurred rarely. Rotational deformity did not occur. In order to prevent rotational deformity the patient should sit with the lower limbs flexed and the feet properly positioned on foot rests and in the normal sitting position.
Hospitalisation was occasionally necessary for severe swelling, temperature elevation, and malaise which often resolved by five days. Several patients had pressure sores which required hospitalisation. In these cases pressure sores in the region of the fracture probably contributed to the break.
Femoral neck fractures were left untreated if complete paralysis was present. They were asymptomatic and caused no problem sitting, transferring or gaining independence later. One patient with incomplete paralysis was a community walker aged 61 and a Moore prosthesis was used satisfactorily. Intertrochanteric fractures in the paralysed patient did not receive operative fixation. They all healed and the use of a pillow between the thighs was helpful in getting the patient up in the wheelchair. The three fractures in this series pro gressed to union without any treatment.
Fractures of the proximal femur were probably the most difficult to manage and angulation frequently occurred in this region (Fig. 3, a and b) . Internal   FIG. 3 A, Case 18, A 30-year-old patient with complete paralysis below C-6. He sustained this fracture about 2 weeks after surgical treatment of a pressure sore over the right trochanter. B, The roentgenographic appearance 2 weeks later. The fracture was clinically solid at this time. He was treated on a turning frame with tibial pin traction for 3 weeks and then allowed up in a chair.
fixation of these fractures should be considered if shortening or angulation will result in unacceptable functional or cosmetic results. One patient had a sharp spike of bone which protruded through the skin because of flexor spasms. She also had a large trochanteric pressure sore which probably contributed to the fracture. The spike (about five centimetres below the trochanter) was easily removed with a rongeur without anaesthesia. She was treated on a turning frame because of the pressure sore, a tibial pin traction was applied, and healing took place after 2 months. One patient was unusual because he had an ankylosed hip from hetero topic bone, but healing occurred promptly although it was hoped that non-union would occur.
Discussion
Major problems encountered in the past in treating lower extremity fractures in patients with spinal cord injury have included osteomyelitis, pressure sores, urinary infections and calculi, respiratory infections and contractures.
A rf!view of the literature on fractures of the lower extremities in patients with spinal cord injury documents the occurrence of these complications and others (Comarr et al., 1962; Eichenholtz, 1963; Freehafer & Mast, 1965) . Our review in 1965 and our interest in this problem have guided us to treat fractures of the lower limbs in most instances without operation. No important complications occurred in this series.
The bones of the lower limbs in patients with spinal cord injury become atrophic and fractures are largely pathological. Loss of sensation and muscle control make the patient more susceptible to injury. In the present series one gets the impression that both patients and those who care for them have been a little careless in turning and transferring, unaware of the possibility of sustaining frac tures with minimum injury.
Ideally patients with spinal cord injury should be treated in a centre where knowledge and experience for this group of patients have been developed. Para lysed patients with fractures of the long bones of the lower limbs present many problems. Treatment for this group of patients is different from non-paralysed patients and referral to, or consultation with, a spinal cord centre or those know ledgeable in this field is recommended.
The recommendations of fracture care developed from our study published in 1965 formed the basis of treatment in most of the patients in this present series. Treatment should provide for fracture healing with a minimum of danger to the patient, should cause little or no interference with the patient's daily routine, and should lead to a functional level that is unchanged from the pre-fracture status.
SUMMARY
This study was conducted on 18 patients with 27 fractures from 1963 to the present. Fractures that occurred at the time of onset of spinal paralysis were not included in this study.
Patients with established paralysis from spinal injury have physiological, functional, social and psychological characteristics and needs that differ drastically from those without paralysis. It is often necessary to vary the treatment for the paralysed patient rather than to give the same treatments usually reserved for the average patient without paralysis.
Non-operative treatment usually consisted of splints made from soft materials (soft splints). These were effective, inexpensive, safe, and allowed for good healing with early rehabilitation.
PARAPLEGIA
Treatment should ensure that the functional level will be unchanged after healing occurs. 
RESUME

